Corticosteroids inhibit HIV-related immune activation and seem to have a mild favorable effect on immunological recovery in patients with CD4 + counts ≥200 cells/mm 3 . Data in patients with advanced immunodeficiency are lacking. We analyzed whether corticosteroids negatively influence the short-term CD4 + lymphocyte recovery in patients with CD4 + cell counts <200 cells/mm 3 started on combination antiretroviral therapy (cART). We performed a retrospective cohort analysis including all HIV-infected patients under follow-up in our hospital with a documented episode of Pneumocystis Jirovecii Pneumonia (PJP) in the cART era. CD4 + lymphocyte recovery was assessed at three months after the episode of PJP and subsequent start of cART, comparing patients that received adjunctive corticosteroids (AC) versus patients that did not receive corticosteroids (standard care (SC)). In total, 66 patients with an episode of PJP were identified with 38 patients in the AC-group versus 28 patients in the SC-group. Almost all baseline characteristics were similar, including mean CD4 + lymphocyte counts. After three months, the mean CD4 + cell count did not differ; 222 cells/mm 3 for the SC-group versus 259 cells/mm 3 for the AC-group (p = .29). The use of corticosteroids does not alter CD4 + lymphocyte recovery in HIV-infected patients with advanced immunodeficiency in the first months of antiretroviral therapy.
Introduction
Corticosteroids are frequently used in modern medicine, also in the setting of HIV-related care (Wallis, 2007) . Immune reconstitution inflammatory syndrome (IRIS) and Pneumocystis jirovecii pneumonia (PJP) with profound hypoxemia are the most common indications for corticosteroids in HIV-infected patients (Ewald et al., 2015; Perfect et al., 2010; Thwaites et al., 2004) . Besides side effects like diabetes mellitus, corticosteroids are potent immunosuppressantsleading to concerns of new (opportunistic) infections (Gurwitz et al., 1994; Stuck, Minder, & Frey, 1989; van Staa, Leufkens, & Cooper, 2002) .
Several studies described a mildly favorable effect of corticosteroids on CD4 + cell recovery in HIV-infected patients with CD4 + cell counts >200 cells/mm 3 (Andrieu, Lu, & Levy, 1995; Kasang et al., 2016; Kilby et al., 1997; Wallis et al., 2003) . In contrast, data on the impact of corticosteroids in patients with advanced immunodeficiencye.g., CD4 + cell counts ≤200 cells/mm 3are limited (McComsey et al., 2001) . This lack of data is remarkable, considering that especially these patients are likely to receive corticosteroids for the indications mentioned above. As studies in healthy volunteers have shown that corticosteroids induce lymphopeniain particular in the CD4 + compartment -(Verbruggen, Herman, Ackerman, Mielants, & Veys, 1987; Zweiman, Atkins, Bedard, Flaschen, & Lisak, 1984) , the use of corticosteroids in patients with severe CD4 + lymphopenia might lead to incomplete immune recovery and other opportunistic infections (Kaufmann et al., 2005) . These observations emphasize the need for a better understanding of the dynamics of CD4 + cell recovery in patients with advanced immunodeficiency using corticosteroids.
In this study, we retrospectively analyzed whether the use of corticosteroids leads to incomplete immunological recovery in HIV-infected patients with CD4 + lymphocyte counts ≤200 cells/mm 3 in the first months after the initiation of combination antiretroviral therapy (cART).
Methods
Patients with HIV infection treated for a PJP in the University Medical Center Utrecht (the Netherlands) between 1 January 1996 (start of the cART era) and 1 July 2017 were identified. We chose to include only patients that were diagnosed with PJP in our analysis for two reasons. First of all, the use of corticosteroids as adjunctive treatment in the setting of PJP is standardized with a fixed dosage for three weeks ("Consensus statement on the use of corticosteroids as adjunctive therapy for pneumocystis pneumonia in the acquired immunodeficiency syndrome," 1990). This is in contrast to the treatment of IRIS that does not have a predefined dosage and duration of therapy, which makes the interpretation of results difficult. PJP patients without profound hypoxemia and therefore no indication for corticosteroids created a control group.
All patients with a minimal follow-up time of three months after the episode of PJP were considered for the analysis. The diagnosis of PJP was based on clinical history with either microbiological or cytological evidence. HIV-positive patients with CD4 + counts ≤200 cells/mm 3 presenting with a clinical picture highly suspicious for PJPsevere hypoxemia and ground glass opacities on the imaging studiesand with clinical recovery, while given anti-PJP therapy were also considered eligible for this analysis. Patients were excluded in the following situations: (1) not naïve for antiretroviral therapy at the time of PJP; (2) no initiation of cART within 8 weeks after PJP diagnosis; (3) corticosteroids for a period longer than 21 days. Baseline demographical, clinical and biochemical characteristics were retrieved from patient's charts, as were the CD4 + cell counts in the year after the PJP diagnosis. The primary outcome of this analysis was the difference in the mean CD4 + cell count at three months after the diagnosis of PJP between patients receiving adjunctive corticosteroids (AC)prednisone dosage according to the NEJM consensus statementnext to antimicrobial treatment compared to those who only received antimicrobial therapy (standard care (SC)) for the treatment of PJP. Furthermore, we evaluated the occurrence of other AIDSdefining conditionse.g., Toxoplasmosis, Mycobacterium avium complex infection, candidiasis and Kaposi sarcomain the first year. We used chi-square test to compare dichotomous variables and Student's t-test to compare meansalso for mean CD4 + counts during follow-up. A two-sided p < .05 was regarded as significant. For calculations SPSS (version 22.0, Chicago, IL) was used, the figure was created with GraphPad Prism 7.
Results
We identified 89 patients with PJP of whom 23 were excluded -flow-chart is shown in the supplement. Of the remaining 66 patients, 38 patients received AC and 28 patients received SC. All patients were alive and in follow-up after 12 months. At baseline, patients did not differ between groups (AC versus SC) regarding age, gender and HIV transmission route (Table 1 ). The mean CD4 + cell count at baseline was 47 cells/mm 3 in the AC group versus 59 cells/mm 3 in the SC-group (p = .35). As expected, more patients from the AC group were admitted at the Intensive Care Unit (ICU) during the episode of PJP compared to patients receiving SC (26.3% vs. 3.6% p = .02), but there was no difference in mean baseline CD4 cell count between these patients (ICU versus non-ICU: 42.9 vs. 54.2 cells/mm3 (p = .46)). All patients received initially trimethoprim/ sulfamethoxazole (TMP/SMX), but a significant part (24.4%) was switched to pentamidine because of TMP/SMX-associated toxicity.
At three months after the PJP diagnosis, the mean CD4 + count between both groups did not differ; 222 cells/mm 3 for the SC group versus 259 cells/mm 3 for the AC group (p = .29). Analysis at 12 months after PJP diagnosis did not reveal a significant difference either: 311 cells/mm 3 (SC) versus 345 cells/mm 3 (AC) (p = .43) (Figure 1) . Separate sub-analyses for time eras (1996-2002; 2003-2007 and 2008-2017) or cART backbone did not reveal significant differences between both groups (data not displayed). The percentage of patients reaching a CD4 + count of >200 cells/mm 3 within the first year was 84.2% in the AC-group versus 71.4% for the patients from the SCgroup (p = .24). All but one patient (1.5%) had a viral load <400 copies/ml after one year.
There was no difference in the percentage of patients that suffered from another AIDS-defining condition; 21.4% for patients receiving SC versus 13.2% of those from the AC-group (p = .50) in the first year.
Discussion
In this retrospective cohort study in HIV-infected patients with advanced immunodeficiency, the use of corticosteroids had no impact on CD4 + cell recovery in the first months after the initiation of cART.
In the past, several randomized controlled trials studied the effects of corticosteroids in HIV-infected patients in respect to clinical and immunological outcomes. Most of these reports describe dynamics in CD4 + counts and immune activation in the setting of HIV-infection with CD4 + counts >200 cells/mm 3 (Andrieu et al., 1995; Kasang et al., 2016; Kilby et al., 1997; Wallis et al., 2003) . For example, the largest cohort by Kasang et al. (2012) with a total number of 326 untreated HIV-infected patients with a CD4 + count ≥300 cells/ mm 3 , were randomized to 5 mg prednisolone per day or placebo for 2 years. After two years, the rise in CD4 + count compared to baseline in patients receiving corticosteroids was significantly higher than the control groupan increase 77.4 cells/mm 3 versus a decline of 37.4 cells/mm 3 (p < .01). Furthermore, several markers for immune activation in the prednisone-group were significantly lower compared to placebo. It was hypothesized that corticosteroids inhibit HIV-related immune activationslowing down CD4 + destruction.
However, information on the effects of corticosteroid use in HIV-infected patients with advanced immunodeficiency are lacking despite that these data in this vulnerable population are needed. After all, two major indications for corticosteroids in HIV-infected patients treatment of IRIS and adjunctive therapy in PJP with profound hypoxemiamainly occur in patients with advanced immunodeficiency and this population is at risk for new opportunistic infections. To our best knowledge, only McComsey et al. (2001) describes the shortterm dynamics of CD4 + cell recovery exclusively in patients with advanced immunodeficiency. In this placebo-controlled trial, 41 HIV-infected patients with a mean baseline CD4 + count of 129 cells/mm 3 were randomized to 8 weeks 0.5 mg/kg body weight prednisone daily or placebo. Almost all patients were on cART for at least two months before randomization, with a median of 207 days for the prednisone group. After 8 weeks, there was no significant difference between both groups; the mean CD4 + cell count in the placebo group remained stable and there was a slight decrease of 3 cells/mm 3 in patients receiving corticosteroids. There were no data available on CD4 + cell dynamics after eight weeks. We built on the data by McComsey et al. by describing the impact of corticosteroids on CD4 + cell recovery in the setting of subsequent start of cART. As the largest increase in CD4 + cells tend to happen in the first three months, it is likely that possible negative effects of the corticosteroids will be visualized during this period (Notermans et al., 1999) . Furthermore, the observation period in our study was extended up to 12 months after the course of corticosteroids. Long follow-up time is needed, considering that the immunosuppressive effects of corticosteroids can persist up till three months after discontinuing prednisoneespecially when the cumulative dose of 700 mg is exceeded (Stuck et al., 1989) . A limitation of our study is the small sample size, which results in reduced statistical power. Considering the trend towards better CD4 + cell recovery in patients treated with corticosteroids it seems unlikely that a negative effect is missed as a result of a lack of power. In addition, the described study period is longthis poses a risk for bias due to changes in (antiretroviral) therapy over the years. However, sub-analyses per time era or cART backbone did not reveal any differences.
In conclusion, although corticosteroids have several potential side effects, its use does not alter CD4 + cell recovery in HIV-infected patients with advanced immunodeficiency in the first months of antiretroviral therapy.
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